Introduction: If common bile duct (CBD) stones (choledocholithiasis) are left untreated, they may cause increases in morbidity and mortality due to several conditions. Aim: In this study, using transient biliary stenting following the failure of an initial endoscopic retrograde cholangiopancreatography (ERCP) session, we aimed to show the effects of making the CBD stones smaller and easier to remove in the following session.
Introduction
If common bile duct (CBD) stones (choledocholithiasis) are left untreated, they may cause increases in morbidity and mortality due to several conditions, including obstructive jaundice, repeated attacks of cholangitis, pancreatitis and secondary biliary cirrhosis [1] . At the moment, CBD stones can be effectively and safely treated by endoscopic retrograde cholangiopancreatography (ERCP). Although successful removal rates of CBDs are 85-90% [2] , the remaining 10-15% of CBDs cannot be extracted through ERCP because of the larger (≥ 15 mm) calculi, the shortness (≤ 36 mm) and narrow angle (≤ 135°C) of distal CBD, impacted calculi and anatomical difficulties [3] . These are known as 'difficult common bile stones' and cannot be removed using standard methods. Alternative methods such as electrohydraulic lithotripsy (EHL) and extracorporeal shock wave lithotripsy (ESWL) can remove 90% of them [4] . However, these methods requireexperience and additional equipment that may not be available in every centre.
When CBD stones cannot be removed, a transient stent is placed in the patient in order to prevent impaction, to provide a bridge for more advanced methods and to facilitate bile drainage. It has been shown that such stenting makes the stones smaller and easier to remove [4] . However, it has not been clarified that this method is effective in all types of stones, nor whether the success of the treatment will be affected by the size and number of stones, and how long the transient biliary stent will stay in situ.
Aim
In this study, in transient biliary stenting following the failure of a first ERCP session, we aimed to show the effects of making the CBD stones smaller and easier to remove in the following session.
Material and methods
This was a prospective study in the University of Katip Celebi, Ataturk Training and Research Hospital,
Gastroenterology Clinic between January 2008 and January 2010. Patients with clinical and laboratory findings of, and diagnosed with, obstructive jaundice using transabdominal ultrasonography (USG), magnetic resonance cholangiopancreatography (MRCP) or endoscopic ultrasonography (EUS) were treated endoscopically with ERCP. The patients whose biliary stones could not be removed with standard methods (endoscopic sphincterectomy and balloon screening) and who therefore had a transient plastic stent inserted, were included. The local ethics committee approved this study. Informed consent was obtained from all participants in this study.
Endoscopic retrograde cholangiopancreatography and stenting
Stenting while monitoring cardiac and respiratory functions was performed by two experienced physicians (600 procedures/years) following verbal and written consent from patients, who did not consume any liquid or solid meal for at least 12 h. They were given sedative anaesthesia (propofol 1-2 mg/kg, midazolam 0.01-0.1 mg/kg) and nasal O 2 (4 l/min), and the procedures were performed with a TJF 145 standard therapeutic duodenoscope and Shimadzu Opescope 50N fluoroscope. After visualising the ampulla Vater, cannulation was carried out. In the same session, cannulation was attempted with either the pre-cut technique or fistulotomy if more than five cannulation attempts had failed. After cannulation, contrast-enhanced fluoroscopic images of the calculi were taken and their localisation, size, number and whether they were impacted or not were elicited. Removal of the stones with ballon screening following adequate endoscopic sphincterectomy was attempted. Patients with partially removed stones with mechanical lithotripsy were excluded from the study. In patients with incompletely removed stones a plastic, 10-12 cm long 7-10 French (Fr) stent was placed crossing the stones proximally relative to the localisation and size of them. No basket was used to evaluate the stent efficacy.
Following ERCP, all patients were monitored for at least 24 h for possible complications that may have developed during or after the procedure. All such complications, including bleeding, perforation and post-procedural symptomatic pancreatitis were recorded and assessed. The complications developing in the first 30 and in > 30 days are classified as early and late complications, respectively [5] .
The patients who had plastic stents inserted following the first unsuccessful ERCP session were invited for control on the 1 st , 3 rd and 6 th months in the outpatient clinic. During these controls bilirubin, amylase, leucocyte, aspartate aminotransferase, alanine aminotransferase and γ-glutamyl transpeptidase levels were measured, and CBD and other bile ducts were examined with a transabdominal USG. Six months after the first session, a repeat ERCP was performed in an attempt to remove the stones. In patients with deteriorating clinical and laboratory findings (suggesting stent obstruction or cholangitis), a second session was performed without waiting the full 6 months, and removal of stones was attempted. Failure to remove the stones after this attempt caused the removal of the old stent and a new one to be placed. Complete removal of the stones in a repeat ERCP at 6 th months or earlier because of clinical indications was accepted as a "successful" procedure, whereas failure of their removal was accepted as an "unsuccessful" procedure.
The patients were followed after stenting and were divided into two groups: those who received a successful and those who received an unsuccessful endoscopic treatment (group A and group B, respectively). The reason(s) for application, age, gender, cholecystectomy history, CBD diameter, the number of stones in the common bile duct, stone sizes, stent diameters and the presence of diverticulum were recorded.
Calculation of stone size, common bile duct diameter and stone index
Two physicians reviewed the fluoroscopic images. Measurements of stone and CBD diameters were based on the original diameter of the scope [6] . Total stone index was calculated using the number and size of stones [7] (Figures 1-3 ).
Statistical analysis
Data were analysed with the SPSS 17.0 data program. Stone sizes, diameters of CBDs, stone indices and differences were analysed with the Mann-Whitney The effect of biliary stenting on difficult common bile duct stones U test. Receiver operating characteristic (ROC) analysis was used in specificity and sensitivity, while χ 2 test, Fisher's exact test, and univariate and multivariate analyses were used for other data. Values of p less than 0.05 were accepted as statistically significant.
Results
In 156 of 1300 (12%) patients with CBD stones, who had balloon screening and/or basket lithotripsy following ERCP and CBD cannulation, the stones could not be removed in the first session. Sixty-four of these 156 (4.9%) patients were followed after transient biliary stenting. The treatment methods used in these patients are shown in Figure 4 . Forty-three of 64 (67.2%) patients were women, and their mean age was 67 ±14 years (range: 36-89 years).Thirty-seven of the 64 (57.8%) patients had stones in their gall bladders, while 27 of 64 (42.2%) were cholecystectomised at least 2 years before. The cannulation attempts during the first ERCP were successful in all patients. Cannulation was performed with the pre-cut technique in only 1 (1.6%) patient, while all of the others (98.4%) had standard cannulation. Nine of 64 (14%) patients had periampullary diverticula. Impacted CBD stones were found in 30 (46.5%) patients, while the other patients had no such diverticula. Plastic biliary stenting (size 10 Fr) was performed in 49 of 64 (76.5%) patients ( Figure 5 ).
In the last ERCPs following biliary stenting, the maximum stone sizes and stone indices were decreased in 54 (83%) patients, and stone fragmentation was observed in 46 (72%) patients. Complete and incomplete removal was obtained in 40 (62.5%) and 24 (37.5%) patients, respectively. Mean ± SD of the numbers of stones in the first and last ERCP sessions, maximum stone sizes, CBD diameters and stone indices are shown in Table I .
Endoscopic success was obtained in 19 (70.4%) of the cholecystectomised patients and in 21 (56.5%) patients with gall bladder stones (p = 0.260). There were no statistical differences between characteristics and ERCP findings of the cholecystectomised patients and patients with gall bladder stones after stenting (p > 0.05) (Table II) .
When patients were divided into group A and group B (with successful and unsuccessful endoscopic treatment, respectively), decreases in stone size and fragmentation were observed in 100% and 87.5% of patients, respectively, in group A, and in 54.2% and 50% of patients, respectively, in group B (p < 0.001 and p = 0.01, respectively). There were no significant differences between both groups with regard to age, sex distribution, presence of periampullary diverticulum or history of cholecystectomy (p > 0.05) (Tables III and  IV) . There were significant differences between the two 
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groups with regard to mean numbers of stones in the first session, the largest stones in the first and last sessions, CBD diameters in the first and last sessions and stone indices in the last session (p = 0.034, p = 0.001, p < 0.001, p = 0.001, p = 0.001 and p = 0.009, respectively). There was no significant difference between the two groups in mean CBD diameters, while the difference between stone indices was significant (p < 0.001). Stones disappeared spontaneously in 6 (9.4%) patients.
Pre-and post-procedural differences in ERCP findings are shown in Table III .
According to the ROC analysis, the possibility of stone removal increases with 90% sensitivity and 50% specificity when the decrease in stone index is at least 3.5 mm, and with 75% sensitivity 80% specificity when the decrease in stone index is at least 28%. When the largest stone is over 19.5 mm, the possibility of removal of the stones decreases (sensitivity 75%, specificity 58%, OR = 4.1). The effect of biliary stenting on difficult common bile duct stones Early and late complications developed in four and eighteen patients, respectively. There was stent obstruction in all patients with late complications (Table V) . In 8 of the patients with stent obstruction, all stones were removed in the same session; in the other 10 patients, stents were changed and clinical follow-up was continued. Common bile duct stones were decreased in size and there was fragmentation in all patients diagnosed with cholangitis. All stones were removed in 2 patients during the same ERCP session, and in 1 patient during the last ERCP session. In 1 patient, the stones could not be removed in the last ERCP session, and it was decided to proceed with surgical treatment. In 16 patients with stent obstruction, the stones were decreased in size and fragmented. Endoscopic treatment was successful in 13 patients with and in 27 patients without stent obstruction (p = 0.396).
Discussion
Common bile duct stones may be primary (originating from CBD) or secondary (originating from gall bladder). It has been reported that 3-14.7% of cholecystectomised patients may have CBDs [8, 9] . Primary stones are softer than secondary stones, and this differ- ence may increase the chance of endoscopic success in primary calculi. Although not a statistically significant difference, endoscopic treatment in cholecystectomised patients had a higher success rate than in other patients (OR = 1.240, p > 0.05). This nonsignificant difference might be due to having more impacted stones and having fewer cholecystectomised patients than the others. Periampullary diverticula are observed in 5-32% of the patients undergoing duodenoscopy [10] . In patients undergoing ERCP, whether or not periampullary diverticula affect successful cannulation and procedural success has been a matter of debate for years. However, recent publications support the theory that such an effect does not operate [10] [11] [12] . In this study, we observed that periampullary diverticula do not hinder successful endoscopic treatments (OR = 0.529, p = 0.052).
It has been reported that the impacted CBD stones and stone sizes are predictive of successful endoscopic clearance of CBD [13, 14] . In our study, 46.9% of the patients had impacted stones. When assessed according to the success of the treatment, patients with successful endoscopic treatment had fewer impacted stones than the comparator group, although this was not a factor positively affecting the treatment success (OR = 1.22, p > 0.05). This indifference may be due to the small number of cases.
When CBD stones cannot be removed with standard methods, a transient plastic stent maybe inserted to prevent impaction and to provide a bridge for surgical treatment [15] . It has been reported that this method causes fragmentation of large CBD stones in addition to obtaining biliary drainage [7, [16] [17] [18] . Mechanical friction between the stone and the plastic stent may cause fragmentation. Because the plastic stent is easily mobile with body movements and gut peristalsis, this friction is more than expected [7] . In a study carried out by Maxton et al. [19] , a transient biliary stent was placed in 79 of 283 patients undergoing ERCP for removal of CBD stones. Two to three months after the stent was placed the CBD. Stones were removed successfully in 50 (63%) of the patients. In a study conducted by Chan et al. [16] , plastic biliary stents were placed in 46 patients whose CBD stones could not be removed during the first ERCP session. However, during the next session 28 (60.9%) of these patients had successful removal of their stones. During another study, removal of CBD stones was not successful in the first ERCP session, and 7 Fr plastic stents were placed in 20 patients. However, in 11 of 20 patients, the stones were cleared in the next session 6 months later [17] . Katsinelos et al. [18] reported that 11 of 25 (44%) patients' CBD stones were completely removed not in the first, but in the second ERCP session. In another recent study, plastic biliary stents were placed in 40 patients, and 65 days later there were no stones found in 37 of 40 (93%) patients [7] . Similarly to the studies mentioned in the literature, we removed 40 of 64 (67.5%) patients' CBD stones successfully in the next ERCP session.
We accepted as successful any endoscopic treatment of the bile duct in which the size of all stones was decreased. In our study, a decrease in stone size and stone index was observed in 78% and 87.5% of patients, respectively, and fragmentation was observed in 73.4% of patients. When the findings were grouped according to the results of endoscopic therapy, reduction in the size of the stones and fragmentation was higher in the successful endoscopic treatment group (p < 0.05). The stone index was less prominent in the successful endoscopic stone treatment group, according to prior stenting (p < 0.05). The difference in stone index inthe successful endoscopic treatment group was higher than in the unsuccessful endoscopic treatment group (p < 0.001).
It has been reported by Lauri et al. [20] that all stones with < 10 mm diameter can be removed. However, stone extraction is possible in only 12% of patients when the stone diameter exceeds 15 mm, and the chances of successful endoscopic treatment decrease with stone diameters ≥ 18 mm. The ROC analysis in our study showed that the chance of success of endoscopic treatment may increase in patients with CBD stones having diameters < 19.5 mm.
Transient biliary stenting may cause complications, including cholangitis and pancreatitis, which demand emergency ERCP. In a study of 83 patients by Ang et al. [21] , plastic biliary stenting caused cholangitis, biliary pancreatitis, obstructive jaundice and biliary colic in 71%, 3.6%, 21.4% and 3.6% of patients, respectively, during a mean of 19months (range: 1-103 months) follow-up. Hui et al. [22] reported cholangitis in 63.2% of their patients. Early complications, including bleeding and pancreatitis, and late complications (mostly cholangitis) were reported in 28% and 34% of patients, respectively, in another study [23] . In our study, 4 (6.25%) patients had cholangitis, and 14 patients had elevation of cholestatic enzyme levels and jaundice due to stent obstruction. The first, 3 rd and 6 th months of follow-up might cause the lower incidence of cholangitis in our study as compared to that seen in the literature.
The type and diameter of the transient catheter may affect the treatment success and complications due to stent obstruction. In a study by Hui et al. [22] , 7 Fr pigtail plastic stents were placed in 19 patients and stent obstruction was reported in 12 of them. In another study, 7 Fr and 10 Fr plastic stents were placed in 79 of 83 and 4 of 83 patients, respectively, and stent obstruc-
The effect of biliary stenting on difficult common bile duct stones tion was reported in 71% of these patients [21] . Kubota et al. placed a 7 Fr stent in 34 patients, and in 25 of 34 of them partial or complete obstruction of the stents was observed [24] . Li et al. placed 8 Fr stents in 50 patients; patency rates in the 6 th , 12 th and 24 th months were reported as 94%, 79% and 58%, respectively [25] . In our study, 18 patients had stent obstruction, and 4 patients had cholangitis; these rates were smaller than those seen in the literature; the use of larger stent diameters may explain this dissimilarity. In 16 of 18 (88%) patients with stent obstruction in our study population, the stone sizes were decreased and fragmentation was observed. Endoscopic treatment was successful in 13 (72.2%) patients with, and in 27 (68%) patients without, stent obstruction (p = 0.396). According to these results, stent obstruction may predict a decrease in stone sizes, albeit without statistical significance. Therefore, there is a need for studies with more cases to explain this prediction.
Conclusions
Replacing the transient biliary stent in patients whose CBD stones cannot be removed with standard endoscopic methods may cause decreases in size or cause the stones to completely disappear. Stenting may cause some side-effects such as cholangitis, and this inflammation may occur in long-standing stents. Placing stents with a large bore and leaving them in the CBD for less than 6 months has been found to decrease those side-effects. According to the results of our study, stone diameters less than 19.5 mm, decreases in stone indices of at least 30% and fragmentation all increase the chance of success in endoscopic treatment.
